DNA sequences were selected for marker development and in some cases these sequences were extended by alignment with AZM sequences (TIGR).
Candidate marker sequences were PCR-amplified from genomic DNA of W22, ts1-ref/ In a few instances, the PCR products had size polymorphisms easily resolved by agarose gel electrophoresis. In most cases, however, the PCR products had the same apparent size. In these cases the PCR products were sequenced and examined for the presence of SNPs. If present, SNPs that represented differences in restriction enzyme recognition sites were used as CAPS (Cleaved Amplified Polymorphic Sequences) markers (S3) to distinguish between the different alleles in the mapping population.
New markers were initially evaluated in 20 non-recombinant individuals of known phenotype to confirm co-segregation of the marker with the appropriate ts1 allele. This was necessary to prevent the use of markers corresponding to a duplicate region of the ts1 interval in chromosome 10 (as discussed in the main text) or to repeat sequences that have "escaped" filtering in the repeat database. Table S3 displays the features of the molecular markers defining the ts1 genetic region.
Evaluation of PCR-based molecular markers
PCR primers were designed with Primer3 (http://frodo.wi.mit.edu/primer3/input.htm, (S4) ) and synthesized by the W. M. Keck Foundation Biotechnology Resource Laboratory (Yale University, New Haven, CT). PCR-based markers were routinely amplified with Taq DNA polymerase (Qiagen, Valencia, CA, USA) in 20 μl reactions containing 1X PCR buffer and 1X Q-Solution supplied by the manufacturer, 200 μM of each dNTP, 500 nM of each primer and 2.5 ng/μl genomic template DNA. Q-Solution contains the chemical betaine, which improves the amplification of DNA by reducing the formation of secondary structure in GC-rich regions. The addition of Q-Solution to the PCR reaction was mandatory for amplification of most maize sequences, which have high GC contents. Q-solution was excluded only for target sequences with <50 % GC content. PCR cycling conditions were as follows: 95°C (3 minutes); 35 cycles of 95°C (30 seconds), 59-63°C (30 seconds), 72°C (1 minute/ 1 kb); 72°C (10 minutes). Annealing temperature was variable, adjusted to 3 to 5°C below the Primer3-calculated Tm of the primers used in each assay.
Southern blot analysis
Southern blot hybridization was performed with a published protocol (S5), except that the hybridization solution consisted of 0.25 M sodium phosphate, pH 7.2 and 7% SDS, as suggested by the manufacturer of the Zeta-Probe GT blotting membranes (Biorad, Hercules, CA, USA). The hybridization probe consisted of a 624 bp fragment from the ts1-W22 gene (bases 2590-3213, spanning the end of exon 5 through the beginning of exon 7) and bore sufficient similarity to the duplicate ts1b gene (87-90%) so that both ts1 and ts1b were detected.
Phylogenetic analysis
Sixty-four plant lipoxygenase amino acid sequences (Table S4 ), including that of TS1 and TS1b, were aligned with ClustalW2 (S6). Two different algorithms, maximum parsimony and Bayesian inference, were employed to estimate phylogenetic relationships of TS1 and related proteins. Maximum parsimony was implemented in PAUP* 4.0b10 (S7) where the heuristic search option was applied with default values. Bootstrap values for the maximum parsimony tree were obtained by resampling 1,000 replicates under the full heuristic search method. Bayesian inference was performed with MrBayes 3.1.2 (S8) with a mixed amino acid substitution model, four independent chains run for 5,000,000 generations, and sampling every 1000th tree. Convergence was estimated when the standard deviation of split frequencies reached a plateau approaching zero, and the consensus tree was determined with a burn-in of 25% (1250 trees).
Quantitative RT-PCR analysis (qRT-PCR)
Maize plants from inbred line W22 were grown in the greenhouse as described below in the Chemical treatments section. All tissue samples used for qRT-PCR assays were quickly dissected and immediately frozen in liquid nitrogen. Approximately 100 mg of frozen tissue were ground in a mortar and pestle and quickly re-suspended in 1 ml of Trizol® Reagent (Invitrogen, Carlsbad, CA, USA). Developing inflorescences between 0.8 and 3 cm in length were directly placed in 1.5 ml microcentrifuge tubes, resuspended in 1 ml of Trizol® reagent and ground with a plastic pestle attached to a table top drill press. Total RNA was isolated according to manufacturer's recommendations and re-suspended in water previously treated with diethylpyrocarbonate (DEPC; Sigma, St. Louis, MO, USA) containing 20 units of Protector RNase Inhibitor (Roche, Indianapolis, IN, USA).
Prior to cDNA synthesis, 1 μg of total RNA was treated with 1 unit of DNase I, Amplification Grade (Invitrogen) in a 10 μl reaction containing 1X DNase I buffer supplied by the manufacturer. The reaction proceeded for 15 minutes at room temperature and the enzyme was inactivated by adding 1 μl of 25 mM EDTA and heating at 65°C for 10 min. The DNasetreated RNA (1 μg) was directly used in cDNA synthesis with the SuperScript® III First-Strand Synthesis SuperMix for qRT-PCR (Invitrogen) following the manufacturer's instructions. The 2X RT Reaction Mix included both oligo(dT)20 and random hexamers to prime the reverse transcription reaction. The cDNA was diluted to 100 μl with 1X TE and stored at −80°C.
PCR reactions were performed in optical 96-well plates with a 7500 Fast Real-Time PCR System sequence detection system (Applied Biosystems, Foster City, CA, USA). Reactions contained 1X Power SYBR Green Master Mix reagent (Applied Biosystems), 300 nM of each gene-specific primer (Table S5 ) and 1 μl of diluted cDNA in a final volume of 25 μl. The standard thermal profile recommended by the manufacturer of the PCR master mix was followed. Three technical (PCR) replicates were set up for each one of the three biological replicates of each tissue sample. qRT-PCR data were normalized with actin1 as a reference gene.
In situ hybridization
Primers P1930 (5'-CCTCTCAGTACCGACAGACAGC-3') and P1931 (5'-CCATTCAGTTCCTCACAGTCTTGC-3') were used to amplify a 217 bp fragment of the ts1 gene corresponding to part of the 3' UTR. The PCR product was cloned into the pCRII-TOPO® vector (Invitrogen) generating pYU1672, the plasmid used for synthesis of the ts1 in situ probe. The ts2 in situ hybridization probes have been previously described (S9) and are contained in the plasmids pYU59 and pYU60.
In situ hybridizations were performed as described (S10) with modifications as described (S11). Three additional modifications were adopted: a) No RNase treatment was performed after hybridizations; b) the anti-DIG antibody was diluted 1/1000 and incubated for 2 hr at room temperature; c) the buffer used for color detection included 10% polyvinyl alcohol (PVA) to increase reaction sensitivity.
Construction of a ts1:mCherry fusion gene
The mCherry gene was PCR amplified with PfuUltra™ High-Fidelity DNA Polymerase (Stratagene, La Jolla, CA, USA) from the pREST-B mCherry vector (S12) with primers P2672 (5'-cggggtaccccATGGTGAGCAAGGGCGAGGAGGAT-3') and P2673 (5'-ctagtctagatggatccCTTGTACAGCTCGTCCATGCCGCC-3'), which added KpnI, NcoI and BamHI, XbaI sites respectively (lower case letters in primer sequences). The PCR product did not contain the endogenous stop codon. Instead, P2673 provided a new stop codon in the XbaI site downstream of the BamHI site. The PCR product was digested with KpnI and XbaI and the 733 bp KpnI-XbaI mCherry fragment was gel purified. Plasmid pYU1721 was derived from the plant expression vector pRTL2 (S13) and contained the full-length ts1 CDS without the stop codon (ts1ΔSTOP) fused in frame with the gene encoding the monomer Red Fluorescent Protein (mRFP1) (construction details are available upon request). pYU1721 was digested with KpnI and XbaI to release the mRFP1 gene. The remaining ~6.5 kb plasmid containing pRTL2 plus the ts1ΔSTOP CDS was gel purified and ligated to the 733 bp KpnI-XbaI mCherry gene. The resulting plasmid, pYU1743, was shown by sequencing to contain an in-frame N-terminus fusion of the ts1ΔSTOP CDS to the mCherry gene.
Biolistic experiments in onion epidermal cells
One microgram of plasmid DNA was precipitated on gold particles (1.0 μm, Biorad) essentially as described (S14). Onion (Allium cepa L.) bulbs were cut in small pieces. The epidermal cell layers were carefully peeled and transferred to the surface of Petri dishes containing Murashige and Skoog basal medium (MS from Invitrogen, or Sigma-Aldrich, St. Louis, MO USA) solidified with 3.5% Phytagel (Sigma-Aldrich). Epidermal cell layers were bombarded with a Biolistic PDS 1000/He Particle Delivery System (Biorad) with 1350 psi rupture discs. After bombardment the plates were incubated at 27°C in darkness for 8-20 h. The epidermal cell layers were then stained for 10 minutes in 1 μg/ml DAPI dissolved in 1X PBS then washed for 10 minutes in 1X PBS and mounted in glass slides with 70% glycerol in 1X PBS.
Epifluorescence microscopy, photography and image analysis
Transformed cells were examined by epifluorescence microscopy with an Axioplan 2 microscope (Carl Zeiss Microimaging, Thornwood, NY, USA) with the appropriate excitation/emission filters. Differential Interference Contrast (DIC or Nomarski microscopy) was used to visualize cells under transmitted light. Digital images were captured with a Zeiss Axiocam with several Image Acquisition Modules of the Zeiss Axiovision software. The Multichannel Fluorescence module allowed the sequential acquisition of DAPI, GFP, mCherry and DIC images for each sample. The onion epidermal cell layer is very thick and not all cell features appear in the same focal plane. Therefore, a series of images over a defined z-focus range were acquired with the Z-Stack module of Axiovision. This module automatically calculated the distance between individual images of the z-stack to achieve the maximum axial resolution of the objective used. The Z-stack was reconstructed with the 3D Deconvolution module where the Regularized Inverted Filter (RIF) method was used. Final image display was completed by applying a maximum intensity projection (MIP) over the entire image volume within the context of the orthogonal slice view (Cut View). The Colocalization module was used to quantitatively assess the colocalization of the TS1:mCherry red fluorescent signal along with the RbcSnt:GFP green fluorescent signal.
Analysis of lipoxygenase activity in crude protein extracts from tassel inflorescences
Frozen tassels were ground in liquid nitrogen and/or homogenized in a 1.5-ml microcentrifuge tube with 1 to 2 volumes of ice-cold 0.1 M Tris buffer, pH 7.5, containing 0.1 M NaCl, 5mM EDTA, 0.1% β-Mercaptoethanol, 0.6% Triton X-100, 1 mM PMSF and EDTA-free Protease Inhibitors (Roche, Indianapolis, IN, USA). The mixture was clarified by centrifugation at 14,000 x g for 30 minutes at 4°C. The supernatant was transferred to a new tube and total protein concentration estimated with the Micro BCA Protein Assay Kit (Pierce, Rockford, IL, USA).
Aliquots of crude protein extracts were added to 3 ml of potassium phosphate buffer, pH 6.0 containing 150 μM linoleic acid and stirred at 23°C for 15 min. Peroxidation products were reduced to hydroxides ,HOD) by adding 12 ml of a solution of 5 mg/ml SnCl2 in ethanol and incubating for another 5 minutes at 23°C. Products isolated by extraction with diethyl ether were methyl-esterified and analyzed by GC-MS and HPLC. For all analyses, reference oxylipins of high chemical purity (Larodan Fine Chemicals, Malmö, Sweden) were used.
Material to be analyzed by GC-MS was derivatized by treatment with trimethylchlorosilane/hexamethyldisilazane/pyridine (2:1:2, v/v/v) at room temperature for 15 min. Excess reagent and solvent were removed in vacuo and the residue was resuspended in hexane. GC-MS was carried out with a mass-selective detector (Hewlett-Packard model 5970B, Avondale, PA, USA) connected to a gas chromatograph (Hewlett-Packard model 5890) equipped with a capillary column of 5% phenylmethylsiloxane (12 m, 0.33 μm film thickness). Helium was used as the carrier gas, and the column temperature was raised from 120°C to 300°C at 10°C/min. SP-HPLC of methyl-esterified incubation products was carried out with a column of Nucleosil 50-5 (250 x 4.6 mm) purchased from Macherey-Nagel, Düren, Germany, and a solvent system of 0.6% 2-propanol/hexane at a flow rate of 2 ml/min. The absorbance (234 nm) and radioactivity of HPLC effluents were determined on-line with a Spectromonitor III ultraviolet detector (Laboratory Data Control, Riviera Beach, FL, USA) and a liquid scintillation counter (IN/US Systems, Tampa, FL, USA), respectively. Under the conditions used, the elution order of hydroxyoctadecadienoates were: methyl 13-hydroxy-9(Z),11(E)-octadecadienoate (first), methyl 13-hydroxy-9(E),11(E)-octadecadienoate, methyl 9-hydroxy-10(E),12(Z)-octadecadienoate and methyl 9-hydroxy-10(E),12(E)-octadecadienoate (last).
Quantification of jasmonic acid and other metabolites in tassel inflorescences
Maize plants of W22, ts1-ref/ts1-ref and ts1-ref/+ were field-grown during the summer of 2007. Developing tassel inflorescences between 0.8 and 3 cm in length were quickly dissected, placed in 1.5 ml microcentrifuge tubes and rapidly frozen in liquid nitrogen. Tissue samples were stored at -80°C prior to solvent extraction. Jasmonic acid quantification was performed with vapor phase extraction for sample preparation and chemical ionization gas chromatography/mass spectrometry (CI-GC/MS) as described (S15). Descriptive and comparative statistics were obtained with Analyse-it® Standard edition (Analyse-it Software, Ltd, Leeds, England), an addin for Microsoft Excel.
Chemical treatment of maize plants
Maize plants were grown under greenhouse conditions. Two seeds were planted in 2-gallon reusable pots containing Super-Fine Germinating Mix (Fafard, Agawam, MA, USA) or Redi-earth Professional Growing Mix (Sun Gro, Bellevue, WA, USA). Fertilization was performed with controlled release Osmocote Plus 15-9-12 (Scotts, Marysville, OH, USA) following the manufacturer recommendations. Additional watering was performed with 4% ammonium iron citrate (Sigma-Aldrich) every 2 weeks to prevent chlorosis. Greenhouse average temperatures were 28°C (day) and 21°C (night). Supplemental lightning was provided to achieve a 16:8 hour photoperiod yearlong.
Tassels of about 1 cm were considered to be at an ideal stage to initiate chemical treatments (see main text). Since a thick leaf whorl covers the maize tassel at this time of development, only a destructive dissection of the plant permits to assess with certainty the stage of tassel development (S16, S17). Additionally, in our hands, the sex determination phase was reached within a wide time window, between 28 and 46 days post-planting, depending on the growing conditions. Leaf number, node number or internode distance were not always reliable criteria to predict the tassel developmental stage.
Seedlings from a family segregating 1:1 for wild-type (ts1-ref/Ts1) and ts1 mutant (ts1-ref/ts1-ref) plants were genotyped for the Ts1 and ts1-ref alleles with a PCR-based assay. Fortysix days after planting, one ts1 and one heterozygote plant showing 6-8 fully expanded leaves were dissected and their tassels were shown to be approximately 1.0 cm in height. This was used as a rough estimate indicating that similar plants, as judged by height and leaf number, were at the right stage to receive chemical treatments. Jasmonic acid (JA, Sigma-Aldrich) was dissolved at a concentration of 200 mM in absolute ethanol and stored at -20°C. Prior to plant treatment, the JA stock solution was diluted to a concentration of 1 mM in deionized water. Control plants were treated with a 0.005% ethanol solution ("blank" treatment or negative control). One ml of the corresponding solution was applied into the apical leaf cavity of each plant. Treatments were performed three times at 48-hour intervals.
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Positional cloning of ts1
The molecular marker hlm1 was isolated from the flanking sequence of a Mu4 element that was identified as tightly linked to the ts1-Mu92 mutation. The hlm1 marker was mapped approximately 1 cM from ts1 in a small testcross population (n = 93) segregating for the ts1-ref allele. The maize ZMMBBb BAC library (CUGI) was probed with hlm1 and six BAC clones from contig 78 of the current maize physical map (Arizona Genomics Institute) were identified. A marker within this contig, umc2251, was tested for linkage and found to map distal to both ts1 and hlm1 --8 and 9 cM respectively (Fig. S1) . Therefore, the genetic interval containing ts1 was initially defined as a 9 cM region by the proximal hlm1 and the distal umc2251 markers. To further refine this interval, BAC end sequences in the physical region proximal to umc2251 were analyzed for potential low copy sequences. A molecular marker designed from the end sequence of BAC b0148G01 (CC760183) was tested and found to map 1 cM distal to ts1 (Fig. S1) . A larger mapping population (total n = 420) was analyzed with CC760183 and hlm1 and a total of 3 distal and 4 proximal recombinants to ts1 were detected. This analysis placed ts1 within a ~1.6 cM genetic interval defined by the proximal hlm1 and the distal CC760183 markers, which spanned a physical region of ~500 kb (Fig. S1) .
A genomic sequence (AZM4_115428) corresponding to hlm1 was identified in the TIGR AZM 4.0 assembly of the maize methyl-filtered and high-Cot genomic libraries which consists of sequences highly enriched for coding regions (S18, S19). Orthologs of CC760183 and AZM4_115428 were annotated in the rice genome delineating a 62 kb syntenic region that contained 9 predicted genes. The identification of ts1 from this set of candidates is described in the main text.
Subcellular localization of TS1 protein
To quantitatively assess the colocalization of RbcSnt:GFP and TS1:mCherry fluorescent signals, correlation analysis of the intensity values of green and red pixels in the dual-channel image was performed. Specifically, the Colocalization module in the Axiovision software (Carl Zeiss Microimaging, Thornwood, NY, USA) plotted the pixel grey values of fluorescent intensity of the green (x-axis) and red (y-axis) channels against each other (Fig. 3I) . Then, correlation coefficients were calculated to measure the strength of the linear relationship between the two variables (S20, S21) . The images in Figure 3 , E and F, showed a Manders' overlap coefficient of 0.986 strongly indicating colocalization between the two signals. Additionally, weighted colocalization coefficients M1 and M2, which are independent of differences in fluorescence intensity between the two channels, were calculated. For TS1:mCherry, M2 = 0.906, indicating that a high proportion of red signal coincided with a signal in the green channel over its total intensity (S20, S21) . A similar conclusion was drawn for the weighted colocalization coefficient of RbcSnt:GFP (M1=0.903). Fig. S1 . Genetic and physical map of the ts1 locus in maize chromosome 2. Fig. S2 . Southern blot hybridization of a ts1 probe to KpnI-digested genomic DNA from inbred lines W22 and B73 and ts1 mutant lines ts1-Mu92 and ts1-Mu01 along with plasmid DNA from BAC b0478F04. Both ts1 and ts1b are detected in the inbred lines and the mutant ts1-Mu92, while only ts1b is present in the ts1 full-deletion mutant ts1-Mu01. Fig. S3 . Alignment of the TS1 and TS1b proteins to potato lipoxygenase H3 (StLOX5) and soybean L-1 (GmLOX1). StLOX5 is the closest TS1 relative that has been biochemically characterized, while GmLOX1 is one of the best studied plant lipoxygenases. Sequences were aligned with ClustalW2 (S6) and the blue similarity shading style in the background was applied with Jalview (S22) with the BLOSUM62 color scheme. The ts1 CDS was predicted to encode a protein of 918 amino acids with a theoretical mass of 103 kDa. Predicted domains are shown surrounded by colored boxes: the chloroplast transit peptide (cTP, green), the PLAT/LH2 domain (red) and the lipoxygenase domain (yellow box). Note that the predicted cTP has different lengths in TS1, TS1b and StLOX5, while GmLOX1, a type 1 lipoxygenase, does not possess a cTP. Asterisks indicate the five conserved residues necessary for iron binding. The black arrowhead marks the phenylalanine residue predicting 13-LOX regiospecificity. Fig. S4 . Phylogenetic analysis of TS1 and selected plant lipoxygenases by Bayesian and Maximum Parsimony inference. Nearly identical tree topologies were generated by Bayesian and Maximum Parsimony (MP). When values are lower than 100%, posterior probabilities from Bayesian inference and bootstrap support from MP analysis were displayed below internal nodes to the left and right of a slash sign, respectively. The green box surrounds the type 2 13-LOX clade, which includes ts1-encoded LOX (red arrow). Notice that the clade groups lipoxygenases from both monocotyledons and dicotyledons. Several lipoxygenases from this clade have been experimentally shown to display 13-LOX regiospecificity (yellow names) and/or to localize to chloroplasts (green boxes). The other clades in the tree contain type 1 lipoxygenases from: monocotyledons (red box) with 9-LOX, 13-LOX or mixed regiospecificity; dicotyledons with 13-LOX regiospecificity (yellow box); and dicotyledons with 9-LOX regiospecificity (blue box). 
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